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WoLRL 10-120 TPHFILMBD By Lol tHECKRED BY _ B APFHUYED HY

Subaegt: BASIC FLIGHT CRITERIA - PACK 03‘ L KEVISED

PART l-A

A, INTROIXCTION

It 1s the purpose of this report to determine the
aerodynamice characteristics of the c,ompl,dt’e,aizrp‘l_’_a:\';‘e‘
(pack on) and to determine the critical Yoads on 'the
component parts for design and stresp analysis in
- accordance with the requ.i:cmentn of reference (2).

Thiv report is divided 1nto four. partu Part 1
conailt- 0f general information and includes a

Ve IS “=’Part II ‘covers the detormimtion of the aerodynamio
S ;7 _.characteristics of the ‘tomplete airplans (pack. on)

Ssymietrical fliehity considering pitch only: Part.
TII ‘Jovens: the determination of the aercdynamic
el charact,eﬁiuticl of the..complete airplane and the
. .. crifiéal. loads on the vertical tail surfaces for
. aesymetrisdl flight, considering yaw only; and g
"% TPart 1V covers the detsrmination of the aerodynanic - .
.~ characteristios of the airplane and the critieal =~ @~ ‘
 lpads on the wings and ailerons in assymetrical BRI -
T flight, ‘considering roll anly ‘The fOur parts o

this reéport; Volume I, covers only packeon’ config- A

© lasued at a later date and will cover only pack—ofr T
. co:xfigura.t!on. ' , P N
LR 'rhraughou.t thia report all refurences to powcr M - f;l:;;_,;

Lot condfilors ‘neans military power. ‘Flap- dovmconditi‘oau RN

R T -

£ 57 me ey
5 (5N, T A

VL N e X120 ar:;plan. Lo a-Hodified version of tlie c-1191a-
R e \ airplens and f;f,ura. & detschable CArgu-gompariment
) v:Lth both frontiand/ Teir loading provilionn. whf&h is--

= . 7

: ,_‘;.—,::x ¥ and. grew members is 0of course not dotwha.'blo And”h _:.,, -."

P

quadricyole landing gear is required. Wing incidence ___ .- - .

" combined form ome report, "Basio Flight Criterta®, - - s
Yolume T, Pack On. It should be appreciatod, ¢that -'/,:,' R

uration,. -Volume Il of this same report vill be: . LT *

A L are analyzod for- hoonap deflection énly, 7.

s Nite S - Lo i °

ﬂ ’ fduignatod. ferew nacelle”. The. fuselage,.comi,lts “of. I
S0y s -0 77T Ltheif"pack® plus the "crew nacelle®. Due to thogpeculiar S s T
: IR configuration required for the detachable “pack® &5 e T T

has been increased from 30 (0~119B) to 7° at the \dng DI R
root chord, -
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'PART I-a

t - *xsxumﬁb CTION (Cont.)
e -7
Lo 51 Thiu renort 1s one of a geries of aercdynamic reporte
. in vhfch‘the charscteristics of ths compOment puris

Y ayxé..summed and expanded in order to define the oper

R © ating: characteristice of the complete airplane. The
X " :oomplete series of reports are as follows!
EERS .,..'..; . .,_,_;.;w. o e e .- - O
‘ ~ Pairchild No. Model Title
e o o . o
- R107B=001 . = XC-120 : FEstimation of Lateral Stability
A : Derivatives.
R107<012 : XC=120 . Basic Aerodyrnanic Datg
P Rlo7<013 XC-120 : Maneuvering Horlrontal Tall Loads
‘ Ce E Volums I « Pack On
B . : i Volume Il - Fack Off
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: Volume ] = Pack Cm
I Volume II = Pack 0ff
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: ! Volume I = Pack On
.o Volume II = Pack Off
. B107-016 ! XC-120 Performance Calculations
~R10T=017 l XC=120 | Apalyzie of Wind Tunnsl Data
~ R1OT7=016 . XC~120 | Analysis of Stability and Oontrol
i l Volume I - Pack On
_ Volume II - Pack Off
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B, HOKEMOLATURS

as need in referannes

Fi- 50 -2

{1) ana (5).

Q’; MODEL X0~120 | prerasco sy CHECKED BY APPROVED LY
paTe 15 Mareh 1949
Subject:—. ... BoSI0 FLIGHT CRITERIA - PACK OF B e | REVISED
PLRT leB

All nomenclaturs used herein conforms to the nomenaslature

WVhere pressure distributions are determined, the nomenslature
of reference (4) applies in addition ¢o the above,

Figures 1 and 2 present a physical picture of come of the more
important dimensions and distances,
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PARTI ~ C
C, SUMIARY OF CHITICAL LOADINGS FOR STIESS AHALYSIS

This secticn summarizes the critical loads on the
component parts as determined in the main body of tnhe report. Span-
vwiise and chordwise pressure distributions for tie critical condi-
tions are presented in reference (7).
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PART I=C=l

1. Symmetrieal Flight - Fitch

a, Wing
The wing loads as determined in Fart 1l1-1 are tabulated Delow:

Gondi;;;;¥:nf&v;r!70;‘0. Oroes <1ir;i;£}rh Civhj—%ggi""ih;ing X wing Moment

; i Loe, wt. Load" ¥ ! load load abous

i ‘ 1ve. Pactor ! . 1bs. 1bs. A

i i | Oy

! | ft.1dbs,
1, PHAA off 3 6000 ! 3,00 1.40101 191.2] 189530 | -13792 [-119530

Possibly critical for -1 Upper surface in compreseion (2) Lower surface in
tension, outer mnanel. CD Yront svar, outer panel QD Rear spar, lower oap,
center section, GE Oute: ranel to center section splice, front epar,

2. PTHVH] off | 1 | 6400 | 3.00 | .8W03 | 250 | 194637 | 2335 |-20Ls528

FPossidly critical for fi Upper surface in compression . 2 Outer psnel to center

section splice, front and rear spars. '3 Lower surface in tension, center section
4- Front spar, lower cap, ceater sectionm,

3. FLAAyp | off | 1 [ 64000 | 2.51 [.4799 1 313 | 173126 13376 | ~319575

Possidly critical for ‘1' Rear spar, outer panel.

Y. WEAA | off | 1 | 6k000 | -1.50 | =.5670f 198.9 =79L05 | -182v6 | <129358

Possibly critiesl for /] Lower surface in compression./2)Upper eurface, cuter pansl
to center section splice.
5.

MAby, | off {2 16boo ' -1k [-.2204 313 | <4335k -u557 | -319575
Possidly critical for 1 Outer panel skin splices
6. PLahy, | on | 5 | k2136 | 3.295 | 6130 | 250 1 18761 708 |- 20u528

Gust
Posaidly oritical for 1) Local attachmente of weight items
7. PEAA | off | | 6kooo | 3,00 [ 1.751 | 170.28 1B1B0O| -19200 | -9L800

Poseibdly criticel for ‘1 Special leading mdge conditione (apply to forward 20%
chord only,)
8. XAk | off | T 6000 | -1.5 | -.705 | 176.8 -73900] =17980 | ~102000

Possibly oritical for 1l Special leading edge conditicne (ipply to forward 20%
shord only)
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The positive 1ift coefficient giving the most forward center of
pressurc corrcsponds to PHAA conditions in the table on the
pPrevious pags.

The 1ift coefficient giving the naximum positive 1imit load at
VD or VH corresponds to the PLAA condition,

The distridution givipng the maxicum negetive load on the forward
20% of the wing corresponds to conditions 1 and 4,

Conditione 7 and 8 corragpond to the momentary increase in leading
edge loadings occuring in accelerated flight on the forward 0%
of the wing,

Allerons

The aileron loads in symmetrical flight sre thosw» occuring when '
ths ailsrons are neutral and are not critical.

Aleron Tady

The aileron trim and balance tad loads ars considered under
assymetrical flight = roll.

Flaps

The average load on the flaps as detercine in Part Il=L 1s
140.72 1bs./sq. ft. The load is 159.6 1lba./sq. ft. on the
flap area in the slipstream and 107.k4 1bs./sq. ft. on the
flap area outside of the slipstreanm.

Horizogtal Teil

The max{mum horizontal tail balancing loads as determinad in

Part II-H are ~13,789 lbs. with powsr off and -14,873 1ds, with

powsT On under the following cOnditionl. %
e e

idorig, Tail |

c.0.
- Lee. ?Loaa - 1lbs.

-1 3789
-14873

“Mrplane |

Load ;JXSt

. Yeotor - deg. .
-7.99 T

=1.1%
- =7.94

GrOIl Ht.
1bs,

2 . 64000

2 ' 64000  -1.14 ' 113 1.00
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e. Horisontal Tail  (Conmt.)
The maximum horizontal tall load occuring with a 50 fps gust as
determined in Part IleM=2 i «12,660 1bs. with a negative gust
and the following conditions.
— _E - . s _;_ 777777 - I ﬁl-ﬁ- 7-‘( -— e et
Condition ; Power  C.G. . Gross Wt.! Airplane ‘ | ap . Ho
: - Loc. ! 1vs. Load “ng do |viF bk otal Horie.
. i : Ca q Tail Load=lbs,
— I : it et SR R Gkt RPN
«50 fps | om 1, 6400 1.0 -7.61 | 4,63] 250 1,00 | =12,660
Last { L : |

Tha maxinrum manouvering tail loads as determined in reference (&) are
-11,131 lbs. and =9,774 lbs.

I R

D
Condition [ Pow.r‘ c.o. ~ Groes t, Mrplano ol o | r"o:i! LIy | Horis, Tail
I Loec, . 1bs. Load . bt e | Vi | Load = 1ds
i {' _ Pagtor . dog.‘ dog. : I a I *
Maneuvering | on |35% Mcw 6UOCO , 3.0 419 6,28 | 1sh| 1.081 : 1,13
i naximun i . i i ! ;
l uppor ! ! : ! I
UL VR OV R S sl B B -
Maneuvering 20% MAOy, 6u000 ' 3.0 ; 0.3 ;-12 .85 184 1,081 9,774
i max$man , i i _ |
. | 1 1
I [pover - N T S S|

. Elevator Tads

The maximum load on the slevator trim tad as determined in Part Il-3=1
is 83.6 1bs./sq. ft. of tab area. The maximum ioad on the elevator
spring tab as shown in Part Il<Ne2 is 73.5 1bs./sq. ft. of tad area.

&, Pack Nose Loading Door

The oritical noses door loads in pitch as determined in Part ll=0el
ars aa follows.

Oocndition v 11 Y ) I l‘x VT_“’{ Ny ?z l ) My My '
mph deg | deg 1b-.- lbe. | 1bs. 103 10=3 103
_ ISR J— l i | _in.lbs, | 4n, 1bs.| in. 1bs,
Miky N3 | -9.5 | 0 -3ao] 7200 | I <296 | -55.2 |
Special Latch Apply 1 q 1oad at 313 NPH (Vp) unifomly ;wer ;10‘;-’—:~-

Load

e bt cremn s e
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2. Assymetrical Fiight - Yaw
a. Vertical Tail
The oritical vertical tail loads as determined in Part 1Il-D
are as follows:
The vertical tail load for a side gust of 50 fps with initial
angle of attaock of the vertical tail sgero and sero rudder
deflection at Vg is 5346 lbs. per vertical tail
r T .
Oondition Pover |y¢ | Jr voi % Vertical Tell
dﬂg. dQ‘. mph L L“d - lb‘-
o e ]
o | |
Side Oust On b 7.8 0 250 | 1.024 5346
Yor gsero yaw with one engine dead and the other esgine delivering
military power (same as take-off power) the maximur load on the
vertical tail in the slipstream of the operating engine is » 1135 —4
1bs. The maximum load on the other vertiocal tail is - 788 1lbs,
L Y
Condition Pover 1,y | s Yo [ Vertioal Tail
Load - 1bs,
deg. do§. mph q oad .
Zero - Yaw On 0 «15.35 100 1.b4 «1135
Operating
Engine Side
Zero - Taw Ore
Dead
Engine 8ide | O -15.35 100 1,00 -788
1
FA- BOC- 273

A . S e S
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Yor zero yaw, single engine operation at maximun speed for this

sondition, plus a gust of 30 fys, the maximam load on the vertical
tail in the slipetream of the operating engine is - 3240 1bs,, with
ths gust lcad additive.
is = 3070 1be., with the gust load additive.

The maximum load on the other vertical tail

Condition Power | Cve JIr vot | q, Vertioal Tail
_i deg. dag. j mph | —qi Load = 1bs.
Zero Yay -| On - Oper. | H 1
=30 fps engine side ‘ 6.1 | =3.8 : 190 1.055 -3240
Gust
Zoro Yav = | Off <Dead | ’ . — 1
=30 fps engine -idcl -6.1 | -3.8 150 1.00 «3070
Oust J I

Yor 5° Jaw two engine operation with the resulting rudder deflection
at Vp the maximum load on each vertical tail $s 2040 1de.

Condition | Pover Vet Sy yot % Vertical Tail
“8' deg. Iph q Load = 1bs,
5° Yaw ! ~ om 4,33 | -5.00 13 | 1,016 2040

Yor 5% yaw two engine operation with sero rudder deflsction at Vp,
the maximum load on each vertical tail is 4580 1be.

]
_ deg. deg, =mph q Load - lbs.
5° Yaw | On Py, 33y o} 313 1.016 4580
a — i I

Fa- &0 - A
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b. Rudder Tabs

The maximum 1oads on the rudder trim and spring tabs as
detarmined in Part 11ll-E did not exceed the minimux design
requirements of 50 lbs, per sq. ft. therefore, the rudder
tad loads are the minimum of 50 lbs/sq. ft.

¢. Nose Door

The critical nose door loads in yaw &s determined in Part 1l-0=i
are aa follows!

L e e g g e g e e e
Condition Vo |9, ¥ I N ¥z | Mx My Mg
mph | deg. deg. 1be.| 1lbe. | 1bs.| 10~3 10~3 10"
N SR (R SN S IRV A | in. lts,| in. 1be.  in 1
level Flight | 313 | =5.5 | 410 | =2260 |=7530] 5525 | 32% -216 319%'
Tav - Vp J ~10 2510 | 753 | 5525 | 324 -216 =164
. e e vt o el e iy ———— e = ..__JL...,.- ‘Q_“,JL_,_._«. - ———
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a,

Condition

Wipg

The wing muet be checked for the moment coeffioclents of the
deflected allerons at the wing nttitude corresponding to that
point of the Y-n diagram which gives the highest torsiocnal
moment on the wing. See Part IV=-D.

This condition correeponds to

2By

2v
N = +2 where wing twlet 1s a maximum

a2 .08 at V/& = 200 mph,

Chordwige and spanwisw digtributions for this condition are
presented in reference (7).

In addition the wing mmat ba checked for an unbalanced loading
condition using 100% of deesign load on one wing and 85% on the
other, considering angular inertia effects. 3ince thls ia

an arbitrary loading ocondition not depsndent upon trus
asrodynanic locding = no analysis is necessary in this report,

Allerong

The maximum afleron load, determined in Part IV~D, obtained
in meeting the required rates of roll is =1357.6 1lbs, and
cocurs at V) g 200 mph on the right aileron with

d a = =240 (loft atleron o = 129,
iAlleron
*'Deflgotion

Alleron Load
AT

Alrplane Load
Factor

4

-1357.6

J J

Alleron Tabe

The maximim loads on the aileron trim and balance tabs as
determined in Part IV-X of reference (5) did not exceed the
minimum design requirements of 50 1bs/sq. ft. Therefors,
the aileron tab loads are the minimum of 50 1bs/sq. ft.
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the component narts is shoim on Figure 3 for flaps and gear up.
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A comparison of the airplane polar dlagram as determined
by the addition of the 1ift and drag ccefficients of the
component parts with the airplane polar diagram obtalned
by correocting a =82 flight test polar for tha change in
oonfiguration between the C-82 and XC=-120 airplane is
shown on figure L,

The polar diagram as detsrmined from corrected avalilabdle
wind tunnel data is also shown on figure 4 for comparison.
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LAADING CONDITIONS AND G,3, LOCATICHE

L e TRk i el P et T

WNEGRALLYDNR

In acoordance with refsrance (2) the loading conditions
considerad are prasented in the table immediately following.

C, G, LUCATIONS

The basisc center of grevity locatlone wsre selected as 207
and 3% of the wmexn eerodynanic chord of the wing for the
horirontal locations. The vertioal locations were selected
as to envelope all poseible c.g. locations with maxizum fuel
and no cargo being the prime determinant of the upper c.g.
logations and minimum fuel and low cargo determining the
‘lower c.£. locntions, The envelope selected is presented
in figure 5 and is ussd for all groes welghte. inimum
flying weleht conditione flape up and flups down fall
inside the envelope &nd &are considered as epeclal points.
The c.g., locations are designuted me follouws:

0, G oc ] on

Q liost forward and highest
€ iopt aft and highest
Sg Host forwerd and lowest
I Hoet aft »nd lowest
g; Yinlmun flying weight, flaps up
Yinimur Slying welght, flaps &and
gear duvvn

C. G. locationeD @D 3 (B :nd ) as shown cn the dlagram
were considered =2e nll flaps up conditions, while(D @ (3
@ and@ worea conaldsrad AR ﬂnnn and aour dcon 0T ai tiﬁni.

e
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Design weight (normal take-off weight)
Specified by contrzstor in referance (6)

Maximum landing waight

Spandfiad hy oontreatar in refaranza ()

As specified by reference (2) this welght
shell conasist of not less than!

weight expty Loués

50% of internal fuel (2670 grl.) gC10 lve.

75% of maxizum o0il 675 1ve.

trapped fuel and oil 2i5 1ve.

crew 1000 1bs.

cargo allowable 9éns
€00C0O 1bs.

Ligtt wolznt condition
This condition selected for zero
fuel load in the wing

design grous weight 6L000
fuel weight 16020
57980 1lbe,

daxlimun alternnte weight
Specified by contractor in referencn (6)

welght emmty Loubs
trupped fuel snd oil 245 1ts.
migcellaneous ggiipment 27 1bs,
erew 1000 1%s,
full oil 900 1lbe.
cargo 20n00
fuel 11363
Total 7000 1%z,

Mintmum flying weight
As defined by reference (2)

welght empty Lougs
pilot and co=pilot 40O 1bs.
5% of fual »lus trapped fusl 501 lbs.

25% of oil plus trapped oil

70 1ba.
2 35
Take=off Weight

Consldered =ze design welght for noraal .
:'+ take~off or nm moximum =2ltarnate welzht

S

.. Walgnt, Lbs.

64,000

60000

hg ,0Cc0

74,000

L2,136

64,000
74,009
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PART I=P=l
F. SPECIFICATION RECUIREMENTS FUR DESION CRITZRIA
Tha £ollowins resulroments for Dc:ig;ii Criteria ars
obteined from reference (2)
1. Al FLIGH
a, Complute Airnlane
F"‘“ T | — T ﬂ)l T S T T
Gross Lead |P1 f Povor c. 8, Gue$ . Comments
Welght Factor & QGear | ~ Loads :
S S UV S — i e R
Max. T.0, ; +2, -1 ! Up ' 0ff & On envelops :All conditions ! ¥o
Max. Alt, : 42, =1 i Up . Off & On envelope ,to be checked | pitching
Design ; ! | for guet load = acoeleration
Groes +3, =1.5 ! Up 1 0ff & On | envelope |from miniwum required
Max.land +3, =1,5 ' Up © Off & On envelope |flying spe2d
Lt. Alt. +3, =1,5 : Up ;. Off & On envelope 'tO high speed |
Minimum ! : |lav;1 flight
Flying i +3, -1.5 Up | Off & n ' fixed = 50K fps
Max. T. O0.! |YNone | Down | Off & On | envelope ;All conditions ¥o
Max Alt. | Specified| Down Off & On envelope | to be checked pitohing
Design except for gust load acceleration
Gro" guat Do“’n Off & On en"ﬂlop. |fr0'l mninirun r,qulr,d
Max.Land Down Dff & On | envelope |f1yin¢ cpood
Lt. Alt Down Gff & 0n | envelops ;¢ ;60 mph(3)
Minimums ! | = 50K fpe
Tlying | Down Off & On j fixed :
Botes: (1) Power-on is defined ae take—off nowsr up to 2 Vg and military

(2)

V-n diapgrame are required for all walght nonditione nt een level

for the clean condition.

Flapes down do not require V-n diagrams

since they are not intended as mansuvering aids.
dlegram {s presented for gust conditions,.

\

joee
S

However, a Y=n
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1'

2'

OR

1.

2'

Fuie wisi 1,79 Vg is epecified fur thims condition dbut
flap 1imit speed is 160 mph on present C~8Z airplane.
MNap limit speed shall remain the same for the XC-120
ajirplane.

It s noted that 1limit diving speed is the greatsst epsed
conasidered in the stress analysis unless it is greater than
terminal velocity. For maximum alternste gross weight, the

true high speed in level flight ehall be considered as true limit
diving speed.

A g )|

Wings muet be designed for all loadings under complets girplane
in Seotion A,

Wing ridbs and leading edse shall be investigated for pressure
dietributions corresponding to:

(a) positive 11ft coefficient glving most forwerd O. P,

(b) 1if¢ coefficient giving poslitive 1imit load factor at 1limig
diving speed or at Vg if greater.

(e) distridution giving maximum negative load on forward 20%.

Wing leading edge designed for loadse in 2(a) and 2(c) above
modified for momentary increases in leading edge losding in
acoelerated flight (extend Cp versus< in straight line and
other coefficients in a reascnable manner - use constant load
factor and reduce speed).

0 TAL D A

Tail zust be designed for all loadings under complete airplane
in sectlion A. =« dalancing loads

Maneuvering horisontal tetll loads with pitching, C. Q. at 201.
304, 35% MAC,, one point on V-n diagram, (References (U4) and (9),
flaps and gear up.
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(Cont.)

Add increaent dus to gust UG‘* s 50 £ to balancing tail

3.
load at leval=flight hirh anend (roneider anpnlar acrelaratd on).
dc YATOR 7
1. Tabs deelgned for moert severe combination of speed and tab normal
force likely to be encountured., 1In no case is limit tab load less
than 50 1bs/eq. ft. (use trapesoidal loading with L. E. twice
trailing edge loading).
2. FNote tbhat the limit load over the fixed surface &nd the diastri-
bution of this load is assuzed to be unnffected by tad deflection.
3. For balancing condition with speed is Vp and for mansuvering distri-
bution speed is /7 Vg where 7 1is positive limit load factor.
€., WING FLAPS
1. The 1linit loading 1s determined from the formula W = 0,002558 oLflap
x Ve x o
whare O, is flap l11ft coafficlient in fully deflected vosition with
the gust condition and at the true speed corresponding to the most
severe conditions given in Section A, (trapesoidal chord loading
with L. E. twice trailing edge loading).
f. ¥ %, BOO NG, DOCR -
1. Determine pressure distributions corrected for compreesibility
e VDo
2. All loads for Section (A)

-4
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2. ASSYYETRICAL FLIGHT
a. QOMPLETE AIRPLA

1. Design for p By = .08 ai .2 Yg: flsps and gear up, 1
EES TEy T

2. Design tor p By, z .015 at 1.25 Vg, flaps and gear up, +2

7
b. WING AFD AILZRON (DEFLECTED)

1. Design for recuirsments urdor mection (4) ebove (anply
moment coefficients cf deflected ailerons at the wing
attitude corresponding to that point on V-n diagram which
glves highest torsional momest on the wing).

N

2. Design for unbalanced loading ueing 100% of deeign load on
ons wing and B5% on the other considering angular insrtia of
the airplane.

3. In no cese may average limit loads on silerons be less than
20 1bs/8q. ft.

' The design load shall be distriduted over alleron chord as
unifornly varying load 1/6 W at trailing edge to 11/6 ¥ at
L. k. where ¥ = everage load at any chord section unless
wind tunnel date indicates 8 more rational distribution.

C. AILERON TABS

1. Trim ted design for worst condition encountered but not less
than 50 1bs/eq. ft. trapezoidel load with L, E. loed twice
trailing odge load.

d. HORIZONTAL TAIL & ELEVATOR

1. Design for unsymnetrical loading where 1024 on one-half
of the tajl ie the maximum obteined for any ocondition end
that on the other half is the maximum lnoad multiplied by
{1 =%/7.33) where 7t is 1limit nositive nsneuvering load
factor.

REPORT 0. BLO7-C14 P AIRCHTLD ATRCRAFT DIVISION Pichs|pace 24
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8. VERTIOAL TAIL AND RUDDER
1. Design gust load UCf% = 50 fps normsl to nlane of
todl et Vi wigh ¢cil =t sern angle of sttrok inftially
loading W 3 5 x m x Vyod, yhere total limit lomd a
average loading x total fin and rudder area.
2. Use triangular distribtution of load with gero at
trailing edge.

3, Design for gero yaw with one engine dead and the other
delivering take-off power at speeds up to 2 Vg,
pressure by reference (L)} or flight teat data.

4. Design for zerc yaw with one engine dead end the other
delivering normal rated vower at Vmax under this condition
plus sust load addnd to vertiocal tail balancing load. Ouat
normal to eurfzce effective velocity of 30 ft./asec, Gust
increment may be obtained from

¥ 2 10xmx YC’i

5. Design for five degres yaw with resulting rudder deflection
and with zero rudder deflection at Vp. R

f. EUDDGR ZABY

1. Design triz tad for most esverse condition dbut not less
than 50 lbs./sq. ft. trapezoldal loading with L. E. twice
trailing edge loed.

2. Design spring tabs for moat severe condition to cause limit
load on rudder. (Again never less than 50 1ba/sq. ft.).

3. Deslgn control surfnce for dlstribution ez unaffected by
tal plus tadb loading ueing Vp for belance conditions and

5.Vs for maneuvering distridution

(> = positive limit load factor)

D kRl it

Y
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Subjest: — BASIC FI‘IGHTCPITERIA - .‘?AOK ox -

PART I-C.

j G. AIRPLANE PHYSICAL CHARACTERISTICS

This section covers the physical characteristics and
geometric relationships of the component parts of the
airplane with respect to each other and to the center
of gravity points of the airplane.

These data arc used in determining the symnetrical an

aerodynamic characteristiecs,

in this analygis,

agymmetrical aerodynamic characteristics of thc component
parts which are suxmed up to obtain the complete airplane

The actual physical characteristics of cach of the eamponent
parts are the same as shown in PART I~ of reference (1).

The tables immediately following present necessary dimensions
for the coisponent parts from the various C. 5. Locations and
dimensionless ratios of distances and areas used frequently

pare 19 March 1943
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Subject: - BASIC FLIYHT ORITFRIA- FAZK ON REVISED '
(
VART I-G
; DIMTNSTONS FROM VARTINS 0.4, TOCZTIONS ?
i e =~ = = T _ T - - - “_L' T ;
! - ’ ey ! > l BN - T !
3. G. Locutivus d : 2 I' 3 > A
"~ Dimensions | 20f 304 204 g 104 Gsar Up| Gesr Down .
(Inches) ; i Minimum Flying E
. [ Welght
— ] PR f_‘__ ——e .___‘,,.._._7%-,_,_‘,;_ f e s
xp i 336.6 } 31534 336.6 | 353.L 13,0 3uo 3 £
| i
% ! 166.1 | 182.9 i  166.1 1829 172.5 1€9.8 .
1 | ‘ } ‘
Tnt i =541,6 o=5ehT | -581,6 =527 | ~535.3 | -537.9 i
: i | !
Xy ; 33.66 i 50,48 ! 33.66 : 50,18 40,01 37.32 |
i
x4 L u0.75 57.57 i M0.75 © 57.57 | u7.b | i i
1 ! i
1p -77.02 -27.02 ! 3.785, 3.985| 21,54 | -17.02 !
7, L 900 | -9.00 | 22.00 | 22.00 | -3.52 | +1.00 f
: ' | |
.y : Lg.65 | 48.65 ! 79.65 ! 79.65 : 5413 58. €5 {
I : ;
2ht : 15.h4 15,44 % N7 | BT 20,92 25,44 ?
: ' ]
g ~-27.00 -87.00 i -56.0C | =5€,00 | -8l.52 | -77.00 :
z, i =9.00 -2.00 ;22,00 | 22.00 | =3.52 | +1.00 L
; ;
5, : 6.89 26.39 57.89 | 57.89 32.37| 36.89 _
E |
24 ! 13.87 11.87 | il 27 Ll 87 19. 35 23.27
1, : 3.5 .7 1.5 14,7 25.1 27.8 r
} nt €r1.1 6ok, 2 €a1.1 | 6ob.2 61k.8 | f17.1 A
j L P -174.5 -191.3 -174.5 11913 | -1Rc.9 | -178.% ;
i 1,4 . 6.1 ou.2 1.1 | 6Ok,2 614.8 | 617.4 V
\ ¥ s 175 1715|115 175 | 11 -
i S R
o .
- - . e i
. , - — .’:. ST e e ey ey e e e .,._.,,, ‘
mmnmmmm-mm- 3
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TART I-G
Dimensionless Ratios
C. 6. Locntions @ ! ® i ®» @ 0» ® (3
U S _____‘,_i_“,k_u S L R
Xw ! 20 .30 i .20 ; .3 .238 .222
MACy ! : | !
tv : .1598 5 .1593 .3nuo; L3me - L1g2h | L2192
HACy f i ;
A.Cy 256 256 256 | Les6 ! Les6 | L256
HAQ,, | }
Xl oo L ;) 222 32l i .pR0L | L2639
MACy i ‘I
£y o824 . .0ga4 - L0666 L2666 | L1150 | .1u1e
MAQ,, E ! 5 :
ACyy 227 | L2078 1 LpoTh é 227h 1 L2074 | L2
MAOy : : . i i
Py : oo | Luool Amli.MM !.mm .1001
S i i i | i
Le ! 3.989  © 3989 1 3.959 | 3.989 | 1.989 |3.989
¥AO, | : i i
xf ! 2,000  2.100 2,000 | 2.100 i 2.038 !2.022
KEYV : : . :
25 L 9573+ L9973 | .99T3 | 9973 © 9973 .93
MACy i i i Q
( ; : :
Jt S-S UG F->C SRNLANNS 7:5 B U RS V> & S NS E- S S P B
Sw i 5
Bf -.1605 ! -.1605 | .0z237 L0237 '~ .,1280 -.1011
e, : i !
| 1
Py 2159 | L2159 2159 | .2159 . .2159  .?159
Sv i
Ly 4,861 u,861 4,861 | u.861 | u.EE1 .6
Y0y ;
i I
xy .987 : 1.087 987 | 1.087 :1.025 . 1.009
aC,, '
o e MR Feon s s ams et

¢ mr————

Y T At 40 - @ e e, L s @ T ¥ e st = g

— e e
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N BASIC FLIGAT CRITERIA - PACK ON I '
«
PART I-0G
Di'r.enlionlaln Ratios (Cont.) .
T T i M T T T T ;
C. 5, Locations i ) @) +n % L ® ' ) Py !
, — B T T e Rt EES - :
; .25 1y : N {1 o1e ys : ?
; S 1.215 | L.25 ; L25 , L.215 | 125 | 1.25
MACy ? : | i j
‘ : i i | | ! !
o . .o82 | .ocg2  .02ER . L0282 ©  .OPB2 L0282
S' : | ! ! ! E i
: ! I ' :
2 © 0535 | -.0535 L1307 L1307 ; =.0209 | .0059 P
A0 i i | . I
? ! | Lo
2yt | 2801 | .2B91 ! T3 A73n i 3oy D L3ues |
FACy ! | | i ‘
g : i : ; '
’ g Py 0873 § 18T ¢ .08T3 Abe 163 !
d HMAQ,, 1 i | : : : "'
! | i !
g i =565 =.5165 1 au332e P -l3322 | - (L850 | -.US5T5
MAQy T i ; ' '
i ! f ' |
: : : ! .
0 L2709 | L2785 1 L2709 L2765 2737 L2726 3
ht : i : | :
: RS S ¥ Po1.003 1 1,103 ! 1,003 1,103 1.041 : 1.025 ‘
HAOy MOy -' ! . ! ,
- : ; : : ?
Xy - L25Ly I w2085 | =.1278 | -.2285  =.127R -.1900 | -,2060 '
a0, HACy l ; ; i ! 1
Xy, - ACy ! -.056 ! ouh P o.,056 . .0oLk -.018 : -,034 :
MAC,  MAOy | % i ' | i
! : ) |
i SR & bo1.596 ! 1.306 - 1.596 © 1.596 1.596 | 1.596 )
Sw ¥ACy ! ; : : : E ;
o X oo\ | W13 | M3 s0l3 W N5 Lk t,
— _1_,2r’ i Lu0l} LUM1Z - L8 L}; LUL3 SH105 | .01 _
Sv U.AG NLO. \r i ;| ! ! ' x
N | ! ! | T
I ! i :
; Pk S T { | =.019% | -.019% | .0029 | .0029 ! -.0155; =.0122
| S HAO ! i ’ I ! !
. i . i | 1
i Py L L 1.0495 1.0495 | 1,095 1,0495 | 1.ou95i 1.0L95 :
; Sy MAQ D I | | .
f i | ] . ]
: ; ' i |
! B Xy -2k . -.0u02 -.0276 -.cng2 | -,0276 ! -.0n10 ! - ohus N
-i Se \MAC, HAGy/ a ' | | :
oy - | L } l j J
B
} i
- _ e R — o= ;
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Dimensionleas Retios (Cont.) i

T i : i i
C.G. Looations ; @ ! @ @ i L e &
i ; :

R T -.0015 | =.0015 , L0037 . .0037 : =,00056 |
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(2)
(3
(4)
(5)
(6)
1
(8)
(9)
(10)

(11)

BEVERENCE]

Fairchild Enginesring Report R107=-012, "Basic Asrodynamic Data -
Model X0=-120", dated 9 July 19L8.

Army Alr Forces Soecification No, C=1803~E including Speocification
B-1803<2B and amendment No, 1, R~1803-3A and amendment No, 3, R-1803~5B
end amendment No. 1 and R=1603-6B, dated 2 April 1948,

-

Tairchild Engineering Report R107=017, "Analysis of Wind Tunnel Datal,
dated 31 March 100,

Army-Navy-0ivil Committee on Alrcraft Design Oriteria Report ANC-1(2),
¥Chordwise Airload Distridution®, dated 28 Qotober 19u2.

Fairchild Engineering Report R110-008, "Basic Flight Oriteria = Model
C-119B*, dated 27 July 1948,

¥rirchild Engineering Report R107-000, "Model Specification for X0-120
Airplane®, dated 21 October 1947.

Fairchild Engineering Report R107-015, "Adr Load Diatribution - Nodel
XC-120"

Fairchild Eogimeering R107-013, "Maneuvering Horigontal Tail Loads =
Model XC-120", Volume I, dated 4 March 1949,

Army Air Yorces Technical Report 5185, "Maneuvering Horigontal Tail
Loads®™. Air Servics Tachniocal Command, danted 25 Jamuary 19L5,

Pairchild Enginssring Report E107-016, "Ferformance Calculations =
Model XC-120%, dated 9 March 1949,

EACA Techniocal Report 633, "Fressure Distribution over an NAGA 23012
Airfoil with a Slotted and a Flain Flap", by C. J. Wensinger and
J. B, Delano, dated 1938,

Tairchild Enginecring Reperi BiiU=007, "Basic Aeredynanic Data -
Model O-119B" <« Appendix I, dated 21 Fedruary 1945,
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BASIC FLIGHT CRITERIA - FACK OF C o , ;

PART II - Symmetrical Flight - Pitch
A, GEUERAL

It 1a the purpose of this section to combine the

vreviously calculated aerodynamic charactoristics + { i

‘ : of the various component parts of the airplane in i :

! order to determine the characteristics of the com- ! i
pletg elrplone in ;ni_tc]* Tn ardar to f‘.1A\"1fy the 1
vrocedure for ease of gserarate checks, the method '

of analysis and method of combination is presented é t
in detuil, ! i
1. SUMMARY OF AERODTYNAMIC COEFFICIEWTS OF COMPON:ZNT 1
PARTS ] ’
The 2nalysis of component parts such as wing, N
fusclage, booma, horizontal tail, vertical tail, landing i .
- zear, and propeller have been previously presented in ref- . i
; erence (1). However, each of the component parte were con- ; M
sldered separately and thercfore have theilr own rarticular ! ?
acrodynamle coefficlents., A summary of these coefficients : }

is presented below for convenlence in collecting and using !

data on the separate parts. |
: ]
PITCHING ) !

COMPOR=KT PART LI?T COZFFICIENT DRAG CORFTICIENT HOMENT CORXFIICIZRT :

: ¥
L ' ¥ing CLy = Lw/aSy Cpy = Dy/aS, Oy o= Ma/aSwi%Cy | i
g - 2/qP T = loF }
Fuselage Cip = Lr/dfr Cpp = Vr/c¥s Ou, =Mp'dlrly |
25Le i

Boon (one) CLp = La/dfy Cpg = Dp/ay Oy = ¥/cPply

' _ .25Lb. L
(1) Tail o = /oSy Chp = D7/aqeSy Cur; o = ¥T/atSecy l -

Yotes: (1) Horizontal and vertical tnils are designsted : I
i by the subscript I, h, V, or v, rea-~eetively, such : ]
' as CLyy or Syt, ; :»
;
L
{ .
!
,‘ e s o it = e P P e
% . . N )

f - e T T VPR

Lna-mnnu-unnnnuu-umunu-iin-u-u-ﬁmnm-u-a-lumunu-u-umwhuinmmnn-ni-indi!ﬁﬁiiih-nua-m-su-:w--uuu;-m-mu-nn-:
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It is noted from reference (1) that all of the 1ifts and
drags on the component parts have teen resolved parallel and perrcndicular
to the airnlane thrust line and are presented in form Cx and 0Z, resnec-
tively. The coefficients of CX and Cz are bzced on the snamc areas, lengths,

Ry -

stc, aw thoe coelficienis of Op anc Cj rresented in the atove tsdle.

(2) ADLITIOL CF COMFONENT DARTS TC LAT-RMINE ATRPIEWT CHARACRTRICSTICS

LACK ON -  SMXTRICAL FLIGHT OXLY

(a) Summation of 2 Force

Yigte: The factor of 2 ts introduced by the twin boom arrange
ment; all characteristics previously calculated are for
one unit. Yote that the contributinn of wverticnl tail

ils assumed neslipibdle.

Yow basing the total airulane coefficlent on wing sreu, <hord,
kge ity

and free flight locity.
Za [ ) Zy 2Ly 2Ly 282y
—= = e 8 e = R e + + :
a5y a3y aSy 05y a5y 09y a5y a3y
Cia = Cyzy » Czz Fr o+ g5 Fn o+ Cipm ahtSht » 2070+ 244 28 Cgyy

SW Sw q Sw 0 Sy

(b) Susmetion of X Force

The same general procedure is followed here as for sunmation
of Z Forcos except the vertical tnil contridbutes to the forces.

Xe = X+ X5+ 2Ap » Zgp + Xy 2+ 2Fg ¢+ 24p o+ 20X w1
- . e - e . s e
lf:‘ . Ly Lp R WS L e, 2Xym . 24, s . nAa X Wl
)y ¢S, aS, ¢S, as,, aS, a3, 05, aS,
-~
- .- —- ‘;:T’ T S

s St 6 SR L — ——_— gy ¢

.
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(b).

{e).

s a3 7 N, ) -

#ASIC FLIGHT CRITERIA - PACK O
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(SR

~ 4-2 (Cont.)

Sumration of X Force (Cont.)

Ca = Ciy ¢ Cxg F£ , 20xg By _ Cxgp antShe 1 2Ckyp

Sw Sw GEY
qvtSvt .+ 2 Cxg 4 24 + 240Xy
G5v o Sy

Surmation of loments About Any C. G, Location

Flgure 6 presents a general plcture of the airrlane in sym-
metrical flight with the rertinent forces and arms noted.
Talking moments about the C.GC.

_1“.2“- + 2oLy

&
i

U = - lgZp + zoi¢

e L e e e

9 = - (1yZB *+ zy 3p) 2
MED = - IngZAT *+ zht Xng ‘
4 ]
Myp = (zvtXVT) 2 ; !
}‘.G = (—1gZG + ZEXG) 2 {
I
g = (lyg B Dyp o+ ozei O Kwr) 2 !
Hp = (--1PZP + szp ) 2 } ‘
; i
Now consider the contribution of each comronent part to the ; :
! moment about the c.g. and reference the final roment coefficients : -
: to wing area, wing chord, and free flight velocity. ; l
f Wing ' ’r
Consider two posslble c.g. locations §° that - : v
Mag o= Ly B s K :
N h
My, =y, ity K ! :
C.de i
G,
L = - Cr, lw Cor. 2.,
. ]é 1+ Ly !
. MACy, MACy,
) 5
7 . T T RN Yl ﬂ
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{c¢) Sumntion of Moments abowt-any C.G. Location (Cont.) H
Nev from Figure 6 we see that 1y = C.P, - x,. where C.P. .
and x are both positive mersured aft 0.( tuo leading edge of
airfoll - ’
YV )
mw ) ic.p :‘ :
1" "'L’Z‘a' w l " C.‘(w ZNJ ) i
C.e- \ MACy : Z[
. ; i
Oy C.F, Ty : : |
2 -Cuy (.‘.I.__“ - CX-' ¥o
C.gn aGy Maly) VAC, {
Cryi _ CMy / C.F., %w, \ ; C.P. ' ! ‘
W2 Wy = Co 3 } + Ciu [ w f‘_"_']':_
CefZe Cofe \ uAC / \ KAC,, HAC, }
7 . ‘ l
+ Gy Zwp Ciy Zwy i i
)-'AC . }‘J\Cw 3
. |
v = Cp, o+ Oy "u L \ ) :
LJ) Ligg W 21 CX‘,' z s t
Cup eun. ‘-'.AC' ‘:ww [ .S ks g !
* ! ¥ACy, MAC, - i
1
Now assuning that the first C.G. position lies at the A.C. of the ' /
ving and nezlecting the small vertical disrlacement between the : )
roint of action of the forces and the A.C. ! !
Then: G, = Cu :
T Wi and !
C.B. }
z‘{l = O i ,
Ty = loertion of A.C., from lending edgze of MACw .,l
So: / s . . 3
C‘!.!-"- - CMWA.C. + cZy Ty 'n.C.w R Cﬂv;,' )( ( Iy i f
c.r. Mic, ~ FAT, | MAC,, |
Fuselage / 5—
Coneider two rossible c.g. locations so that - ' .
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Fuselaze
transferring to ceefficient form based on wine area, eic.
C‘, » -C,, Pe 1o . C+ Is Zp
M e Uf S e £
c. o 5 TGy 5, TAC,
Gy = =y Py e * Fg %
Ty % 2 T 2
Coie 5, MC, 3, MAC,
Cys _ Gy - C-/ ?f [ - 1, lf N C:', Ff [%f Zf \
& o T A A Vo
Cefle Cale " } “'_A_CVI }'_‘.“C“ / W LJ‘CW - W/
- ; )3 / 9 z R
o= Oy Coe 1 (151 £ +C»~,, £t £
T ; 2 T -
2 1 ?—_ '—T" - e—— Dy \:_{E LErwal
Calle Cele & \ A “;Cn) 4 \ o 'J\CW/
now from Figura & we see that lf = CoPop = Xp
‘ 15 I~
b)’., - CHF . C“.F P (C.x.f Xfl CePap . xf2 ,
I 2 1 g"‘ ‘_L, I'IE:--{ - 17 - _"AC . . ! +
L ) ik cr, ¥ 11008
Cefle Cafle A Y/
For 2 _ 1
W M .C_'_', MA W
now assurc that the first C,G. Location 1s at the .25Lp on the
fuselago reference line - thens
. c s
G e G, Pele
1 -25Lf ng,-.llJLCw
Cl”.
“tp = 90
b's - -
fl -29111.
C C ! I T
b!:v - )T" fo . Ch v, Ixg '25Lf C\ I'f ’I Zf
g - v v Ve, - K
o 25Lp T, Lo R R
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The develo-ment of the transfer formilas for tie boom is the
same as for the fuselaze:
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Horilzontel Tail
Xow coneldering the horizontal toil the situation is somewhat ( :
different because of the effectz of change in dynamic pressure and : ;
downwash at the horizontsl toll, ' :
; Mp: . ‘ :
: B - - lhty ZnT + Znty  RuT : ,
i C.ef. ' 4
R . ]
"f‘iTg = = 1y, LVT * Znt, Zpo ,
Cole ~ ;
Lov: trapaferrinp: to coefficlent form besed on wing cren, etc. !
. S Z !
OMup, = -Czpp Shty Mt Sue | Cx. 2Rty Okt Sps :
c.F. MG, a Sw FAC,, a Sk ’ :
- Cuyr 1 3 s ‘
C!—!;;Te = AHT lntg Tht Sht + Cpom Zhtn Ght>nht ‘ !
c.e- ¥AGy g Sy TTOMAC, a0 3y ! :
now combining \ ’, g
Cray . . “ i
, MET, o COtmm s Czpn GntShe Lty | }hw‘} » Cxyr ot Sne ' /
Coh- C.g. 0 Sy \ HAC,, MiCy / a Sy .
AN :
\ |
i Zhto Z?tl /I ; |
. FAGy: YAt/ i I
now ve ¥now thet lhe o C Fpg - x}:’ g
i
"oy . v,
ot Iy Ity S eng emgy  SPepe , Thtp e, MMty
HAC, MAC., H.ACW “AC,, MACY I'AC,, MAC - MACV /i :
Yow nssume th:t the first C.G. position lies at the A.C. of the : ;
horizontel teil ; f
{
then: C’-HTI = C},: 7, . Cht S}:t : ht . , >
c.g. i q 3., HKAC. !
zhgy = O . ' |~
Mtr = A.Ciyg : N
-‘ sor G - CMwz, . ant “ht Chte L Gy Cht Snt xht  ACht ’ i
| c.n. T 3. AC a Sy | MAC, WMAC, . "
' / : K
i . *
1 + Cipp Snt Spg Zht \ i )
D q S ( ¥AC,, | ! f
; / ]
j :
{ i
: !
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Verticel Tail

The only force contridutsd by the vertical tanil is aseumed tc

Ye an £ force which is msssumed to act at the centrold of vertical
tall area.

My .

Sy -2 (z\’t .u'nr)

Ce&o

converting to coefficient form based on wing area, etc.

[

Giyr o, (CIVT vt Syt Zyt
e Sy TACy,

Landing Gear Extended

Goar extended is a special condition, Wwhen gear 1s down the only
force acting on the gear is assumed to be a drag force which i{s ap-
nlied at the drag centroid of the landing gear and is constunt regard-
i less of angle of attack. The drsg figures for the mear previously

presented in refererce (1) are for one gear, so the factor of two has
to be considered in the dregs forces.

sor kg = 2 (-1, Lg + = &
c.e.

oonverting to coefficient form based on wing aren, ete. It is noted
that the previously presented forces on the gear were ¢p , Cz , end
Cx Dbased on the true ving area.

%o = 20k Tp oo acpg 1.
CuSe _\l_ACV ——‘—}"Acw
)
-
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Slipstream Effects

The application of power will have two significant effectss

(a) The incremental changes in wing 1ift, drag, and moment due to
the slipstream effects, and

(b) The thrusi and normal force acting at the propeller itself.
This section considers item (a) only - dtem (b) will be discusaed later,
Mgm2 (-4 Az %y A Eyp)
Consider two possible C. G, locations so that
No, =2(=2g & Zp + 2y A& Xy

CoZo
’:Sé =2 “1w12 BT+ By, & Xyr)
C o 4c¢ AC .
}.(Sl 2 | Tt M, s Ty Oy
-g. mc;_ m‘/’
C )
=2 1 =C AC \

”32 < At ]“2 * At zﬁz
c.ge e e )

¢

usl . \-/,\C ’ ( cPy X\, A ch'I z 11\
cegs i \IXC, T WG,/ ' I,/

Cy /_a / X C \

c.g. IT, EE;/_ e,/
c c c, . ,

”s? - K "2 C 5 [, N \”‘Cx,,I /T Beig Y
cuge  co \me, T o/ \ Ty - e, )
C” C rJC, , !

Y, T oM 2T A ey, Ry ( Sl z"n\J

1 : 2 _ 1 : YW1 -
coge copa - \ e, T ) IS T MG, )
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S1ipstream Effects (Cont,)

now assume the first c., g. position lies at A, C. of portion of wing
imnersed in slipstream,

Cy = 24¢C
M5y My

xwil = locatlon of A. C. of immersed portion

f > from leading edge.
; —_—
Cy 24 ¢ 2|18 ¢y /4y ac 5 |
. . " +
_i 3 Ko zm ok AT Wil ¥ —_—
‘-. oBe | m—- ) ‘LACW
i
1
i
i
; ‘
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PART II - A ~ 2 (Cont.)

Propeller Effects

In considering power effects it is noted that the thrust force usually
considered positive when directed forward is herein considered nezative
in line with the sizn conventlon adopted for aft forces being positivo,
A1l propeller forces ars assumed to act at the center of the propeller

Moo 2 (= 1pzp v zpRp)

CsSe

converting to coefficient form based on wing area

b= e (et %K)

CeB»

3 Angular Relationships

In order to properly sum the component parts of the airplane it
is necessary to know the relationship of each part to the thrust
line since all of tho characteristics terms are parallel and
perpendicular to the thrust line. These relationships are explained
in reference (1) but are summarized here for convenience and in
Fig.

¢ = = T.L. + 7°
AL & T-Lc
~ht = o T.L. + 1.0° ~€,,. (explained in Fig, 7)

No angle relationship is necessary for the gear
and the vertical tail,
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4  Summary of Bquations for Comrlete Airplane
A summary of all of the equations for the complete

alirplane in symmetrical flight ie presented in the

follewingz table,
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ght Shy + 20z g * 2 Zp

qS.

TABLE
SUMMARY OF EQUATIONS FOR CCMPLETE AIRPLANE
IX PITCH =~ PAOK OR
Oz, *+ Czp EL + 2023 B + Oz
Sw 3. e Sy
+ 2 Ayt
q Sv

Total X Force

GXL = wa + oxr {{ + 2 ch Fb + CXHT
8, S
+20x6*t 2% + 24X
q Sy a Sy
otal Moment T
Cyy, = c“‘-wA + oz'( ;' - Al cx' Sy +
C.8. ) do' :'uc' ucv
Oy Prle 4o Pt ( X - .222) Oxp F£_ 3¢
5Lt a e, T S, \MAO,  wag, Sy MAC,,
$2|CMg o oI 4 Cz3 B (ib. - :25ly)4 GIBZE—-L
+35Ly 5 Thao, MAC,  MAGy S
* OMgpo  Qne Spy Chtg + Conp ntSht (Ing = A.Cupy )+ Oxep
a.c. q 8y FKAS, qQ Sy \MAC, MACy
aht Sny 3t o+
T Sy MAC,,
20xe Wt Sy 2y
q Sy MAG

( tshz + Fxrp St Svy
Sy

Tq Sy

Contribution Of:

Wing
Fuselage

Booms

Rorigontal Tail

Vertical Tails
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Total Moment
Contribution of
+ 2 Cx z 2C 1
6 K AN £
MAC,, MAC,, Gear
¢ 2 (= 1p% « zp%) 4 Propeller
q SMaCy - )
2 ACHyy + 2 [Aczm (iv.!. _ A.C.!)
MACy MACY
! Slipstream
+ A Cwa ;i.r!é .
AC,, |
S S - a - -
A B\: A _ J




-

s

- - N ',' “ Paxh -
Ko il d
"HILD . "RAFT DIVISICN ' sars | Pac
REPORT NO.R107-~014 Fr}\rlrﬁl(m!.xlull.{: Ialwo.}.\']zRA( I}l{}LF;sx CUIPUR AITUN ;.,_ PAGES | PAGE 48
MODEL XC-120 PREPARED BY (HECKED BY _ _{ ATPHGYED H¥
barg March 15, 1949
Subject:— . .. BASIC FLIGHT CRIT*RIA - PACK OM . e | REVISED
PART II - B
B. Pitching Moments of Component Parts

This section covers thes deterrination of the contributions of each of
the component parts of the airplans to the total pltching moment about the
various locatlons of center of gravity.

The contribution of seach part is found by the cquations developed in
Partr II-!.\-

The aerodynamic characteristics of each component part were obtained
from refercnce (1),

The final pitching moment coefficients of the component parts are based
on ving area, wing mean aerodynamic chord and free stream dynamic pressure,
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Cug = 24 CMyp + 2 ’(szI (&) ¢ ACxyy (3)]
4 Cityy 1w considered negligible for the unflapped wing
| 18} that
eu. = ol sec
M 2 L O Coyp (h) « A& cx_.,I (3)]
LA = ( Xy A-C.u)
HAC,  MaC,
¢
B = £y
MAC,
ACsye from fisure 61 reference (1)
‘ A Cxyr fron fismre 5O reforence (1)
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‘ C. G. Locution
1 A] = .0148 By = .0824
2 Ap = 1147 By = .0824
| 3 Az w ,0148 B = ,2666
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i 4 Ay = 1147 By = .2666
| 5 hy = L0K27 Bg = .1150
| 6 As = .036b Bg = .1418
|
\
i Hewultd of calculations ~nre presonted in figures 14 through 18. i
‘ ;
‘ s
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8b., SLIFSTREAM EFFECTS -~ WING

FLAPPED

r.
Cug = 2ACHypr + 3 [u

where
A

A Cuyay

L‘CZWFI

A Cxypy

C. G. Location

1l
2

=)

Results of caloulations are presented in fipures 19 through 23.

cz‘dFI (A) ’ACKWPI (B)

= Tyd - A.C, Ei‘\\'-.
HAG,, MAC,,
= g zw§ - N
"\ HACw

fron figure 52 reference (1)

from figure

from figure

.N148

= .0148
= .1147

= ,0627
= .0365

56 reference (1)

55 rafarence (1)

/
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C. PITCHING MOMENTS OF TAJLLESS AIRPLAVE

Trdis section covers the summation of the pltching moments
of ths various component partsto obtain the pitching moment of the
taillees airplane.

The characteristics of the tailless airplane will be de-
termined for all of the ¢.g. locations discussed under loading con-
ditions, for both power-off and power-on, for the flaps and gear up,
and for the special conditions with both flaps and gear down.

Suafi ol

» The pitching moment coefficlents of the tailless airplane
4 as shomm in this section are all based on wing area, mean aerodynsamic
chard of the wing, and free stream dynamic pressure.
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BALANCING TAIL LIPT

Since many of ths required design conditions are
for symmetrical flight without pitching, it is
necessary to determins the characteristics of the
somplete airplane for this condition, For this
condition GMA =z 0. Since the only control which

ie variable for symmetric flight is the horig-

ontal tail, thie 18 the only balancing elemsnt;

and in order to determine the horisontal tail

load required to brlance the alrplane, it is
nscesegary to know the characteristice of the complete
airplane less the horlgontal taill,

In order to simplify thess caloulations, several
Justifiable assumptione are made, PFirst, that the

contribution of the Xyp force to the total tail
moment is negligible and sscond, that the motion
of the tail center of pressure 1s & negligidbly
snall fraction of the total tail length.

Then to balance the airplane

Gy, = O 4 C = O
s Moer it

0 2 «C
M Y

let cz“ s Nnt CLygm
s0 that
“Op * NMny i, Smt lag g
Lan e e,

~ wherse

Nht = .85 1ift efficiency of the horizontal tall

Sng oo _3ub2
Sy

-2392

1h47.25
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168.28 g
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The effective tail 1ift is then

Tht Cryp = O |
T A-T based on  qp S
—x t ht

oA

1,y 1is distance from C.G. to elevator hinge line.
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1‘ For flaps and gear up, power on  qnt
q
and ¢ will vary with power, Then K power on = K power off
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For flapcand gear down, power off

% = 1,00 page 57 reference (1)

Therefore the values of K will be the same as shown
in Part II-D-la.

a nhy is from figure 36 reference (1)

Curves of balancing tail 1ift coefficient are

shawn following each tabulation
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Therefore the values of K will be the same as
shown in Part II - D - 1lb.

@ ht 1is from figure 64 reference (1),

Curves of balancing tail 1lift coefficient are
showm following each tabulation.
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I. COMPLETE 4[RPLANE NORMAL FOROF QOEFFIQIENTS

Thie wection covers the determination of the normal
force coefficients of the complete airplane,

As the horizontel teil normal force coeffioient will
vary with center of gravity and/or power conditions,
the normal force coefficlents of the taillews ‘airplane
ars first deterzined and the normal forse coefficients
of the horisontal tall then added to obtaln the normal
foree coefficlent of the entire airplane for a given
configuration, center of gravity location, and/or
power condition,

The aerodynamic foros coefficients of the componant
varts as obtained from reference (1) sre all converted
t0o wing area and free stream dynamic pressure before
sumuing to obtain total normal force coefficisnts.
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l-a., FIAPS ANG GEAR UP - POWER OFF
The normal farce coefficients of this complete air-
plane for flaps and gear up, pover off, are as follows.
Czy = Cazy * Czp *Czz + Coyp + Cgyq
whore the force coefficients are all based on wing
area and free stream dynamic pressure.
As the values of Czy for ths unflapped wing as obtained
from Part II-A-1l-0 referencse (]Z.Y are all based on wing area no
corrections are necessary.
As the values of Czp for the fuselage power off as ob-
tained from Part II-A-5-e are based on fuselage planform area, they
e are corrected as follows,
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1 The values of Cz. for the boom power off as obtained

from Part I1I-A-6-e reference ?1) are for cne bodm enly and are
. based on the planform area of one boom. These values are corrected
i as followss

: Ozg = 2 (%25 Db )2 ¢z 35 o L9 0z

i - S 7738
!! a L Czp Czg
LS -2 -.0347 ~.0150
} ' -8 -. 0166 -.0072
. « -4 -,00[2 ~-.0018
Las 0 0 0
4 . 0042 .0018
8 . 0166 .0072

For the vertical tail Czyp = 03s Czyq

- —— e —— =

= 0 from Part II-A-9-e reference {1).

o The values of Czyr will of course vary with center of
2! gravity locations and/or power conditions as previously noted.

; so that

S CZur = ™t Clgr St dng

! S q

' where Tht Cpyp 18 based on Spt and qnt and is obtained from Part
! I1-D . )

) . Mt Cryr = CMp ¢ Sw  MACw Qq

y e The @

; substituting

CZHT = Cu MACw
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PARTII-E-1

1b. FLAPS AND GEAR UP - POWER (N

‘The normal farce coefficients of the complete airplans
for flaps and gear up, power m, are as followas:

C -
Za CZA-Tpo'er o;f RACZzT + 2 Cgp * Czyn
H'here,czA’_ is the same as determined in
T power off
Part II-E-la

The values of A sz due to the propeller slipstream effects

on the portion of the wing immersed in the propeller slipatream as
obtained from Part 1I-B-le reference (1) are for one ilmmersed section
only and must be doubled to take care of two englne operation. The
values are baced on total wing area and therefore need no other
carrection,

The values of Czp from Part II-B-8 of reference (1) are also

doubled to take care of two engine operation and are determined as
followss
2czp = 20 Fp

whers Czp * Zp_ Figure 60 reference (1)
q Fp
for a ™

The values of .C.:.ZHT are determined the same as in Part II-E-la,
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PART IT - E - 2a

2a, FLAPS AND GEAR DOTN -~ PO¥ER OFF

The camplets airplane narmal force coefficients for flaps
and gear down - power off, are ac follows:

Czp = Czwp *CZp * Czg * CZvr + Czg + Czmr
Vhere the aerodynamic force coeificlents of the camponent
parts are all based on wing area and free stream dynamic pressura.

As the values of Conr for the flapped wing, power off as
obtained from Part IJ-A-2-1 reference (1), are based on wing area ,

paTe ¥arch 15, 1949

'y no correctioms are necessary.
r‘I .
; : The values of Czp and Czp and Czyp are the same as shown
| in Part IT-E-1. - - -
|
\ The values of Czg, for the landing gear power off as ob-
| tained from Part II-A-ll-c, reference (1), are based on wing area so
\ thats
c -
\ CZg 2 CZG
O, CZG EZ‘G‘
=12 ~.00681 -.0136
- 8 -000456 -.O(ﬁl
- 4 -‘00229 —om45
0 0 0]
4 .00229 . 0045
8 . 00456 L0091
!
| Values cf Czyp are determined as outlined in Part TI-E-1.
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PART 11 - E - 2
2b. FLAPS AND GEAR DOWN - POWER N

The nermal force coefficients for the complate air-
plane for flaps and gear down, power on, are as followst

CZA"CZ_ +2ﬂcz + 2 Cg ’CZ
A= Bower Off Y1 - P —HT
Where CZA-T is the same as determined in
" “Power Off
Part II-E-2a,

The values of < cz\'-’Fl due to the propeller slipstream
effects on the vortion of the flapped wing immersed in the propeller
slipstream as obtained from Part IJ-T~2-e reference (1) are for one
immersed section only and must be doubled to take care of two engine
operatim. The values are based on total wing area and therefore
need no additional carrections.

The values of C
Part TI-E-la for the same P

are the same as those determined in
r conditios.

The values of CZHT are determined as outlined in Part
II-E-1, -
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